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© A display device comprises a display panel (11) 
having a ferroelectric liquid crystal, information elec- 
trodes and scan electrodes for changing orientations 
of the ferroelectric liquid crystal in the display panel, 
a memory for storing display data, a scan electrode 
driver (12), a data electrode driver (13) a display 
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controller (CPU), a power supply means (15) and a 
switch (1 ) for turning on and off the supply of power 
from said power supply. Display erasing means (26) 
are provided for erasing display data stored in the 
display panel in response to the actuation of the 
switch (1). 
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BACKGROUND OF THE INVENTION 



Field of the Inventio n 

The present invention relates to a display de- 
vice for displaying data, and more particularly to a 
display device having a ferroelectric liquid crystal 
panel. 

Related Background Ar t 

The use of a bistable liquid crystal element has 
been proposed by Clark and Lagerwall (JP-A- 
107216 / 1981 and U.S. Patent 4,367,924). Fer- 
roelectric liquid crystal having chiral smectic C 
phase (Sm C *) or H phase (Sm H *) is usually 
used as the bistable liquid crystal. This liquid cry- 
stal has bistable state to an electric field, including 
a first optically stable state (first orientation state) 
and a second optically stable state (second orienta- 
tion state). Accordingly, unlike an optical modula- 
tion element used in a TN type liquid crystal, the 
liquid crystal is oriented in the first optically stable 
state, for one electric field vector, and the liquid 
crystal is oriented in the second optically stable 
state for the other electric field vector. The liquid 
crystal of this type quickly responses to the applied 
electric field to assume one of the two stable states 
and maintaines the state when the electric field is 
removed. Many of the problems involved in the TN 
type element are essentially resolved by making 
use of the above property. 

In the display device which uses the TN type 
element, the TN type element has no memory 
function and hence the content of display is not 
stored in the display panel. Accordingly, no special 
means for erasing the display content is necessary 
from a stand-point of security of confidential in- 
formation. On the other hand, in the display panel 
which uses the bistable ferroelectric liquid crystal, 
the display content is stored in the display panel. 
In a transmission type display device which allows 
observation of the display content by illumination of 
a back light, the stored display content is not 
recognized when the back light is turned off, but 
when the back light is turned on, the stored display 
content appears. This raises a problem in the con- 
fidential information security. 

In the liquid crystal display device of this type 
in which scan electrodes and information elec- 
trodes are arranged in matrix and liquid crystal is 
filled between the electrodes to form a number of 
pixels to display the image, a scan signal is se- 
quentially and periodically applied to the scan elec- 
trodes while a video signal is applied to the in- 
formation electrodes in synchronism with the scan 
signal. In this case, the transfer of the video signal 
and the selection of the scan electrode are done by 



at least three signal lines for vertical synchroniza- 
tion signal VD, horizontal synchronization signal 
and video signal DATA. The vertical synchroniza- 
tion signal VD is produced at a period of one 
5 screen (one frame) time, and the horizontal syn- 
chronization signal is produced at a constant period 
(1H period) by at least the number required to scan 
the horizontal scan electrodes. The VD and HD are 
always in a fixed relation, that is, in a synchronized 
70 relation, and n video signals DATA are transferred 
in the 1H period, where n is the number of informa- 
tion electrodes. 

In the transfer system which uses the three 
signal lines, a leading scan electrode of the screen 
75 is selected at the VD pulse, the scan starts from 
that scan electrode, and other the scan electrodes 
are sequentially scanned from the top to the bot- 
tom of the screen by the HD pulses. In parallel 
thereto, the video signal DATA is transferred to the 
20 sequentially selected information electrodes to form 
one screen. The above operation is repeated 30 
times (30 frames) or more per second. 

In a large size and multi-pixel display device, 
the frequencies of VD, HD and DATA are necessar- 
25 ily high if the display panel is driven at higher than 
. 30 frames per second. For example, where the 
display panel has 400 scan electrodes and it is 
driven at 30 frames per second, the 1H period 
corresponds to 80 u seconds. 
30 When the ferroelectric liquid crystal is to be 

used as the material of such liquid crystal display 
panel, there is no known practical ferroelectric liq- 
uid crystal material which allows writing (updating) 
of pulses applied to the scan electrodes at a rate of 
35 80 u seconds per 1H period. If more than 80 u 
seconds of time is given to the 1H period to apply 
the pulses so that the writing (updating) of the 
screen is done by the conventional signal transfer 
system and drive system, the number of frames is 
40 smaller than 30 frames per second. In this case, 
the scan state is visible by human beings and a 
quality of displayed image is deteriorated. Further, 
since the scan electrodes are sequentially scanned 
and all information electrodes have the video signal 
45 always applied in synchronism with the scan signal, 
a power consumption is high. 

SUMMARY OF THE INVENTION 



It is an object of the present invention to pro- 
vide a display device with a display panel having a 
memory property, which can modify a display con- 
tent for modified display data. 

It is another object of the present invention to 
55 provide a display device with a display panel hav- 
ing a memory property, which can erase displayed 
data. 
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It is other object of the present invention to 
provide a display device which divides scan lines 
of a display panel into blocks to allow rewriting of 
display for each block. 

It is other object of the present invention to 
provide a display device which sends modified 
display data to a display panel to modify a display 
content. 

It is other object of the present invention to 
provide a display device which displays data while 
maintaining synchronization between a display pan- 
el and an image data transmitter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 and 2 show circuit configurations of the 
present invention, 

Figs. 3 and 4 show perspective views of fer- 
roelectric liquid crystal elements used in the 
present invention, 

Fig. 5 shows a waveform of a display content 
erase voltage used in the present invention, . 
Figs. 6A and 6B show projections of a director 
of a chiral smectic layer in a uniform orientation, 
Figs. 7A and 7B show projections of a director 
of a chiral smectic layer in a twist orientation, 
Fig. 8 shows one embodiment of a display panel 
of the present invention, 

Fig. 9 shows a signal transfer system in the 
embodiment of the present invention, 
Fig. 10 shows another embodiment of a display 
panel of the present invention, 
Fig. 11 shows a block diagram to explain the 
drive of a ferroelectric liquid crystal display pan- 
el in the embodiment of the present invention, 
Fig. 12 shows a timing chart of the embodiment 
of the present invention, 

Fig. 13 shows a flow chart of an operation of a 

common address data designation circuit, 

Fig. 14 shows transmitter and receiver in the 

embodiment of the present invention, 

Fig. 15 shows a timing chart of one frame period 

to explain a signal communication method of the 

present invention, and 

Fig. 16 shows a timing chart of one horizontal 
scan period in Fig. 15. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[First Embodiment] 

A chiral smectic liquid crystal having ferroelec- 
tric property is particularly suitable as a liquid 
crystal material used in the present invention. Spe- 
cifically, chiral smectic C phase (Sm C *), chiral 
smectic G phase (Sm G *), chiral smectic F phase 
(Sm F *), chiral smectic I phase (Sm I *) or chiral 



smectic H phase (Sm H ") liquid crystal may be 
used. Details of the ferroelectric liquid crystal are 
described in "Ferroelectric Liquid Crystals" LE 
JOURNAL DE PHYSIQUE LETTERS 1975, NO. 36- 

5 (L-69), "Submicro Second Bistable Electro-optic 
Switching in Liquid Crystals" Applied Physics Let- 
ters, 1980, No. 36 (11), and "Liquid Crystals" 
Solid-State Physics of Japan, 1981, NO. 16(141). 
The present invention may use the ferroelectric 

10 liquid crystals disclosed in those articles. 

Specific examples of the ferroelectric liquid 
crystal compound are decyloxybenzylidene-p'- 
amino-2-methylbutylcinnamate (DOBAMBC), 
hexyloxybenzylidene-p*-amino-2- 

75 chloropropylcinnamate (HOBACPC), and 4-o-(2- 
methyO-butylresorcylidene-^-octylaniline (MBRA 
8). The ferroelectric liquid crystal which exhibits 
cholesteric phase at a temperature higher than that 
of chiral smectic phase liquid crystal is most pref- 

20 erable. For example, biphenylester liquid crystal 
which exhibits a phase transition temperature de- 
scribed in the embodiment may be used. 

When the element is constructed by using one 
of those materials, the element may be supported 

25 by a copper block having a heater embedded 
therein in order to keep the element at a tempera- 
ture at which the liquid crystal compound exhibits a 
desired phase. 

Fig. 3 shows a cell to explain the operation of 

30 the ferroelectric liquid crystal. The Sm C * phase is 
assumed as the desired phase. 

Numerals 31 and 31 ' denote substrates (glass 
plates) covered by transparent electrodes made of 
thin films such as In2 03, Sn02 or ITO (indium-tin 

35 oxide), and Sm C * phase liquid crystal which is 
oriented such that a liquid crystal molecule |ayer 
32 is normal to the glass plate is filled there- 
between. Thick lines 33 represent the liquid crystal 
molecules which form a continuous spiral structure 

40 in parallel with the substrate plane. An angle be- 
tween a center axis 35 of the spiral structure and 
an axis of the liquid crystal molecules 33 is repre- 
sented by (0) . The liquid crystal molecules . 33 
each has a bipolar moment (Pj_) 34 orthogonally to 

45 the molecule. When a voltage higher than a pre- 
determined threshold is applied between the sub- 
strates 31 and 31 \ the spiral structure of the liquid 
crystal molecules 33 is released and the liquid 
crystal molecules 33 may be reoriented so that all 

so the bipolar moments (Pjj 34 are oriented along 
the electric field. The liquid crystal molecule 33 is 
of elongated shape and a refractive index along a 
major axis and a refractive index along a minor axis 
are different. Thus, when polarizers which are 

55 cross-nicol to each other are placed on the op- 
posite sides of the glass plate, a liquid crystal 
optical element whose optical characteristic 
changes depending on a polarity of applied voltage 
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is provided. 

The liquid crystal cell preferably used in the 
liquid crystal optical element of the present inven- 
tion may be very thin (for example, 10 urn or less). 
. As the liquid crystal layer is thinned, the spiral 
- structure of the liquid crystal molecules is released 
even under non-application of the electric field as 
shown in Fig. 4, and the bipolar moment P or P f is 
oriented either upward (44) or downward (44'). One 
half of an angle between the molecule axis of the 
liquid crystal molecule 43 and a direction 43 is 
called a tilt angle (©) which is equal to one half of 
an apex angle of a cone of the spiral structure. 
Electric field E or E r of different polarity, which is 
higher than a predetermined threshold is applied to 
such a cell by voltage application means 41 or 41* 
as shown in Fig. 4. Thus, the bipolar moment is 
reoriented upward 44 or downward 44' in accor- 
dance with the electric field vector of the electric 
field E or E\ and the liquid crystal molecules are 
oriented in either the first stable state 43 or the 
second stable state 43\ 

There are two advantages in utilizing the fer- 
roelectricity as the liquid crystal optical element, as 
described above. First, the response speed is very 
fast, and secondly, the orientation of the liquid 
crystal molecule is bistable. The second avantage 
is explained with reference to Fig. 4. When the 
electric field is applied, the liquid crystal mol- 
ecule is oriented in the first stable state 43 which is 
stable even after the electric field is removed. 
When the electric field E r of the opposite polarity is 
applied, the liquid crystal molecule is oriented in 
the second stable state 43' which is also stable 
even after the electric field is removed. 

The cell is preferably as thin as possible in 
order to effectively attain the fast response speed 
and the bistability. 

Fig. 1 shows a circuit configuration of a display 
device of the present invention. Numeral 11 de- 
notes a ferroelectric liquid crystal display panel, 
numeral 12 denotes a scan line driver, numeral 13 
denotes an information line driver, numeral 14 de- 
notes a controller, and numeral 16 denotes a back 
light arranged on a back side of the display panel 

In the display device shown in Fig. 1 , when an 
operator turns off a main switch 1 to terminate the 
display, a signal is generated by a display content 
erase signal generator 26 and it is supplied to the 
controller 14. The scan line driver 12 and the 
information line driver 13 are enabled by a control 
signal from the controller 14 so that an erase signal 
is supplied to the scan line driver 12 and erase 
data is supplied to the information line driver 13, 
from the controller 14. 

The signal supplied from the scan line driver 
12 when the display content is to be erased may 



be identical to the scan signal used for writing. A 
signal to orient the ferroelectric liquid crystal to one 
stable state (white) is simultaneously applied to the 
information lines in synchronism with the output 
s signal of the scan line driver 12. Fig. 5 shows the 
signals VS lt VS 2t ... produced by the scan line 
driver 12 and the signals Vl 1f Vl 2( ... produced by 
the information line driver 13. In the present inven- 
tion, instead of those signals, a 2V 0 pulse may be 
io simultaneously applied to the scan lines, and a -V 0 
pulse may be applied to the information lines in 
synchronism therewith. 

After the display content has been erased, the 
scan line driver 12 supplies an end signal to the 
75 controller 14 which send a power-off signal to a 
power controller 15 so that the power is tuned off. 

In the present embodiment, when the display 
content is to be observed by the illumination of the 
back light 16. arranged behind the display panel 11, 
20 the display content erase signal is supplied to the 
. controller 14 which controls the turn-off of the back 
light 16. 

When data is to be displayed on the display 
device, a video RAM address data is sent to the 
25 controller 14 which produces the control signal to 
enable the scan line driver 12 and the information 
line driver 13. The controller 14 decodes the video 
RAM address data and sends a scan line address 
'signal and a display data to the scan line driver 12 
30 and the information line driver 13, respectively. 

Fig. 2 shows a circuit configuration of another 
embodiment of the display device of the present 
invention. 

In the display device of Fig. 2, when an oper- 
as ator turns on a main switch 2 to start the display, a 
signal is generated by the display content erase 
signal generator 26 and it is supplied to the con- 
troller 14. The scan line driver 12 and the informa- 
tion line driver 13 are enabled by a control signal 
40 from the controller 14, and erase data is supplied 
to the scan line driver 12 and blank data is sup- 
plied to the information line driver 13, from the 
controller 14. The drive signals produced by the 
scan line driver 12 and the information line driver 
45 13 may be the drive signals shown in Fig. 5. 

After the display content has been erased, an 
end signal is supplied from the scan line driver 12 
to the controller 14 and the scan line driver 12 and 
the information line driver 13 are controlled to drive 
so for display. 

In the display device shown in Fig. 2, when the 
display content is to be observed by the illumina- 
tion of the back light 16 arranged behind the dis- 
play panel 11, the turn-on of the back light 16 is 
55 controlled by the controller 14 which receives the 
end signal. 

In the present embodiment, the voltages to 
erase the display content stored in the display 
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panel 11 are the scan signals VSi, VS2, ... on the 
scan lines and the erase signals Vli , VI2, ... on the 
information lines, as shown in Fig. 5, A.C. voltages 
are preferable. 

In the present embodiment, the above A.C. 
voltages are utilized to form the uniform orientation 
of the ferroelectric liquid crystal element shown in 
Figs. 6A and 6B. 

The above ferroelectric liquid crystal element is 
more easily attained in the twist orientation in 
which the liquid crystal molecules are twisted from 
the upper substrate to the lower substrate in the 
molecular layer as shown in Figs. 7A and 7B than 
in the uniform orientation in which the liquid crystal 
molecules are arranged in parallel in the liquid 
crystal molecule layer as shown in Figs. 6A and 
6B. When the liquid crystal molecules are in the 
twist orientation, the apparent tilt angle between the 
liquid crystal molecule axes in the first orientation 
and second orientation is small, resulting in the 
reduction of contrast and transmitted light as well 
as overshoot in the response of the liquid crystal 
molecule when the orientation is switched. This 
causes fluctuation of the transmitted light due to 
flicker of the display image. Accordingly, the dis- 
play device having the liquid crystal molecules 
uniformly oriented is preferable. 

Figs. 7A and 7B shows a director or C director 
71 cut in a plane of a smectic layer of a bistable 
liquid crystal cell when the spiral structure is re- 
leased, and an array of self-polarizations 72. A top 
circle (which corresponds to a projection of the 
liquid crystal cone onto the smectic layer) shows a 
state near the upper substrate, and a bottom circle 
shows a state near the lower substrate. In Fig. 7A, 
an average self-polarization 73b is oriented down- 
ward, and in Fig. 7B, an average self-polarization 
73a is oriented upward. Accordingly, switching 
takes place between the state of Fig. 7A and the 
state of Fig. 7B depending on the electric field. 

Figs. 6A and 6B show arrays of C directors 
when there is no twist along the direction of thick- 
ness of the liquid crystal cell, that is, in an ideal 
state. For generalization purpose, the liquid crystal 
molecules are shown as somewhat tilted to the 
substrate plane. The direction of the self-polariza- 
tion is upward in Fig. 6A and downward in Fig. 6B. 
The uniform orientation shown in Figs. 6A and 6B 
is attained applying to the ferroelectric liquid cry- 
stal in the twist orientation shown in Figs. 7A and 
7B an A.C. voltage higher than a threshold voltage 
(10 - 500 V) at a frequency of higher, than 0.1 Hz, 
preferably 10 Hz - 5 KHz. 

In the present embodiment, the uniform ori- 
entation of the ferroelectric liquid crystal element 
may also be attained by the A.C. voltage applied to 
the display panel when the display content is to be 
erased. In this case, the display content erase 
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voltage may be an A.C. voltage of 10 V - 500 V at 
a frequency of higher than 0.1 Hz. 

In the display device of the present embodi- 
ment, the above display content erase voltage may 
5 be applied at either start time or. end time of the 
operation. 

In accordance with the present embodiment, 
the display content previously written is erased at 
the start or end time of operation of the display 
70 device, and the uniform orientation of the ferroelec- 
tric liquid crystal element is attained. 

[Second Embodiment] 

75 Fig. 8 shows a block diagram of a second 

embodiment of the display device of the present 
invention. Numeral 11 denotes a display pane!, and 
ferroelectric liquid crystal is filled between informa- 
tion line electrodes DL (640 lines) and scan line 

20 electrodes SL (400 lines). Numeral 13 denotes an 
information line driver which supplies a signal to 
the information line electrodes DL. Numeral 12 
denotes a scan line driver which supplies a signal 
to the scan line electrodes SL Numeral 4 denotes 

25 a video data shift register which receives one line 
of serial video data sent for displaying on the 
display panel 11. Numeral 5 denotes a line mem- 
ory which parailelly receives one line of serial data 
sent to the video data shift register 13 and stores it. 

30 Numeral 6 denote an information electrode driver 
which applies voltages to the information line elec- 
trodes DL in accordance with one line of data 
stored in the line memory 5. 

Numeral 7 denotes an address data latch 

35 which latches an address data to designate one of 
the scan line electrodes SL sent with the video 
data sent for displaying on the display panel 11. 
Numeral 8 denotes an address decoder which se- 
• lects one of the scan line electrodes SL to which 

40 the voltage is to be applied in accordance with the 
address data latched in the address data latch 7. 
Numeral 9 denotes a scan electrode driver which 
applies a voltage to the scan line electrode SL 
selected by the address decoder 8. Numeral 10 

45 denotes a designation signal line which designates 
address fiejd and data field of the data sent for 
displaying.^ Numeral 17 denotes an address data 
line through which an information signal from the 
image memory VRAM is transferred. Numeral 18 

so denotes a switch which switches the information 
signal from the address data line 11 to the video 
data shift register 4 or the address data latch 7 in 
accordance with a signal from the switch signal line 
10. Numeral 19 denotes an image memory which 

55 stores the image data consisting of pixels at the 
crosspoints of the information line electrodes DL 
and the scan line electrodes SL of the display 
panel 11, for each of the bits corresponding to the 
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pixels. Numeral 20 denotes a CPU which controls 
rewriting of the image memory 19, sends the scan 
line address corresponding to the rewritten row and 
the information signal which is the image data of 
that row to the address data line 17, and sends the 
designation signal to the designation signal line 10. 

Fig. 9 shows a timing chart of a designation 
signal 10S on the designation signal line 10 and an 
information signal line 17S on the address data line 
17. 

When the designation signal 10S is high level, 
the information signal 17S includes a scan line 
electrode address which designates one of the 
scan line electrodes SL, and if the subsequent 
designation signal 10S is low level, the information 
signal 17S serially transfers the video signal, that 
is, data on the voltages for each of the information 
line electrodes DL. Before the designation signal 
10S becomes high level, there is a period of dead 
time which is used for an external transfer unit and 
a very short period. 

When the designation signal 10S is high level, 
the switch 18 switches the address data line 17 to 
the address data latch 7. As a result, the scan 
electrode address in the information signal 17S is 
latched in the address data latch 7 and the voltage 
is applied to one of the scan line electrodes SL by 
the scan electrode driver 9 through the address 
decoder 8. 

When the designation signal 10S is low level, 
- the switch 18 switches the address data line 17 to 
the video data shift register 4. As a result, the 
video information in the information signal 17S is 
sent to the video data shift register 4, and the 
voltage is applied or not applied to the information 
line electrodes DL by the information electrode 
driver 6 through the line memory 5. 

The scan line electrode address to be sent to 
the scan electrode driver 12 and the video informa- 
tion to be sent to the information electrode driver 
13 are sent through one address data line 17 with 
the selected scan line electrode address first fol- 
lowed by the video image of the selected scan line 
electrode. In this manner, the serial transfer of the 
signals is attained. 

In the liquid crystal display panel which uses 
the ferroelectric liquid crystal having the memory 
property, only the scan electrodes for the pixels to 
be written (rewritten) are scanned in the partial 
writing (rewriting) of the screen without changing 
the other portion of the screen. 

In accordance with the signal transfer system 
of the present embodiment, the selected scan elec- 
trode address is attached to the head of the in- ■ 
formation signal DATA, and the video information 
of the selected scan electrode is- sent following 
thereto. The information signal DATA is transferred 
in synchronism with the address/data signal which 
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functions to distinguish the scan electrode address 
from the video information, partial writing (rewriting) 
of any scan electrode is attained. By the partial 
writing (rewriting), ah apparent response speed of 
5 the display of the large size and multi-pixel, liquid 
crystal display panel which uses the ferroelectric 
liquid crystal and which cannot fast respond is 
improved. By the partial writing (updating), the 
number of scan electrodes to which the voltages 
70 are applied is reduced and the voltages are applied 
individually. Thus, the power consumption is re- 
duced. 

When the signal transfer system of the present 
invention is used to attain the partial writing 
75 (rewriting), the above advantages are offered. 

[Third Embodiment] 

Fig. 10 shows a configuration of a third em- 

20 bodiment of the present invention. 

Numeral 11 denotes a display panel which 
comprises scan electrodes 2 including 20 scan 
electrode blocks 201, 202, ... 220, 640 information 
electrodes 3 and ferroelectric liquid crystal filled 

25 between the scan electrodes 2 and the information 
electrodes 3. Orientation of the ferroelectric liquid 
crystal is changed by an electric field created by 
voltages applied to the electrodes at crosspoints of 
the matrix of the scan electrodes 2 and the in- 

30 formation electrodes 3. 

Numeral 13 denotes an information electrode 
driver which comprises a video data shift register 4 
for storing 640 serial video data from the informa- 
tion signal line 6, a line memory 5 for storing 
35 parallel video data from the video data shift register 
4, and an information electrode driver 6 for apply- 
ing a voltage to the information electrodes DL in 
accordance with the video data stored in the line 
memory 5. 

40. Numeral 12 denotes a scan electrode driver 
which comprises a decoder 23 for selecting one of 
the 20 blocks in accordance with the address data 
from a block address data line 21, 20-bit shift 
registers 301 - 320 for storing signals from the 

45 decoder 22, and a scan electrode driver 9 for 
applying voltages to the scan electrodes SL block 
by block in accordance with the signals from the 
shift registers 301 - 320. 

Numeral 22 denotes an information signal line 

so for transferring the video data to the video data 
shift register 4, numeral 25 denotes a clock pulse 
line for transferring a clock signal used as a shift 
clock for the shift registers 301 - 320, numeral 21 
denotes a block address line for transferring 5-bit 

55 block address data to the decoder 23, numeral 20 
denotes a CPU which receives a clock pulse from 
an oscillator 24 and controls the image memory 19 
and the signal transfer to the information signal line 
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22, clock pulse line 25 and block address 21. 

Numeral 24 denotes the oscillator which gen- 
erates the clock pulse to clock the entire display 
device and supplies it to the CPU 20. Numeral 19 
denotes the image memory which stores the image 
data consisting of pixels at the crosspoints of the 
scan electrodes SL and information electrodes DL 
of the display panel 1 1 . 

The operation of the. display device is now 
explained. 

In the scan electrode driver 12, address data 
AO - A4 for selecting the scan electrodes SL1 - 
SL20 is applied to the decoder 23 which selects 
one of the 20 scan electrode blocks SL1 - SL20 in 
accordance with the address data. The CPU 20 
selects a block corresponding to the block of the 
image memory 19 which has been rewritten. The 
circuit for each block includes 20-bit shift register 
301 - 320, and the selected block sequentially 
scans the 20 lines starting from the top scan line in 
the block by the pulse supplied from the shift pulse 
line 25. The scan signal is supplied to the scan 
electrode driver 9 through which the drive pulse is 
supplied to the scan electrodes SL of the display 
panel 11. The pulse from the shfit pulse line 25 is 
always active whether the scan is started or stop- 
ped. Accordingly, the start and end of the scan is 
determined by the timing selected by the decoder 
23. 

On the other hand, the video information which 
controls the light transmission of the pixels of the 
display panel 11 is supplied from the information 
signal line 22 to the video data shift register 4 
which shifts it left for each one pixel information so 
that the video information of the pixels correspond- 
ing to the 640 information electrodes DL is sepa- 
rated. After one scan line of horizontal shift is 
completed in the video data shift register 4, the 
video information is transferred to the line memory 
5 and temporarily stored therein. 

The information electrode driver 13 repeats the 
above operation for one block (20 times) in syn- 
chronism with the scan electrode driver so that the 
drive pulses are produced by the information elec- 
trode driven 

In this manner, one block is partially written. 
When the partial writing is to be done over a 
plurality of blocks, the one block partial writing is 
repeated a plurality of times. 

In accordance with the present embodiment, in 
the liquid crystal display device , which uses the 
ferroelectric liquid crystal having the memory prop- 
erty, only the scan electrodes of the scan electrode 
block to which the scan electrodes of the pixels to 
be written belong are scanned in the partial writing 
of the screen so that the partial writing is attained 
without changing the other portion of the screen. 



By the partial writing, the apparent response 
speed of the display of the display panel which 
uses the ferroelectric liquid crystal which cannot 
satisfy the required response speed is increased, 
5 and the writing is attained without being visually 
recognized by human being. 

By the partial writing, the number of scan elec- 
trodes to which the voltages are applied is mini- 
mum and the voltages are individually applied to 
10 the electrodes. Therefore, the power consumptions 
is saved. 

[Fourth Embodiment] 

75 In Fig. 11, a video signal output circuit 50 may 

be a television signal receiver which produces a 
horizontal synchronization signal <f>n and an analog 
video signal VD. The analog video signal VD is 
applied to an A/D converter 52 which produces a 

20 digitized video data, which is supplied to a CPU 20. 
The CPU 20 supplies the video data of each frame 
to a two-frame VRAM (video RAM) 19 which tem- 
porarily stores it. The CPU 20 also supplies a 
synchronization signal <£M generated by a horizon- 

25 tal synchronization signal <t>h supplied from the 
video signal output circuit, to a switching circuit 53 
of the ferroelectric liquid crystal display device. A 
designation circuit 54 is a coincidence circuit which 
compares the one frame of video data temporarily 

30 stored in the VRAM 19 with a one frame of video 
data next applied to the CPU 20, sequentially by 
line and supplies a mismatch signal P to the CPU 
20. The switching circuit 53 separates the serial 
data SD supplied from the CPU 20 into the video 

35 data and common address data by a switch 55 and 
supplies, them to the information electrode driver 
13 and the scan electrode driver 12 of the fer- 
roelectric liquid crystal display panel (having 400 
scan electrodes) 1 1 . The information electrode driv- 

40 er 13 comprises a signal shift register 4, a line 
memory 5, and an electrode driver 6, and it se- 
quentially shifts the input video data by one line 
(1H) at a time. The scan electrode driver 12 com- 
prises an address data latch 33, a decoder 34 and 

45 a scan electrode driver 35 and it decodes the 
common, address data latched in the address data 
latch 7 by the decoder 8 so that the scan electrode 
driver 9 drives the scan electrode of the selected 
address. 

50 The operation of the present embodiment is 

explained with reference to a timing chart of Fig. 12 
and a flow chart of Fig. 13. 

The video signal supplied from the video signal 
output circuit (for example, television signal re- 

55 ceiver) 50 is applied to the A/D converter 52 which 
produces the digitized video data, which is sup- 
plied to the CPU 20. The CPU 20 temporarily 
stores the video data for each frame into the two- 
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-frame VRAM 19 alternately. The common address 
designation circuit 54 compares the video data of 
-the temporarily stored previous frame and the vid- 
«o data of the next input frame, line by line, in 
accordance with the flow chart of Fig. 13 to detect s 
the common address of the scan electrode whose 
data has been changed and produces a mismatch 
signal P. The CPU counts the mismatch signal P, 
fetches the address data of that count from the 
FOM 56 and produces a serial data SD having the w 
video data of the address in the video data of the 
next frame stored in the URAM 19, serially added 
thereto. The serial data SD is produced as shown 
in the timing chart of Fig. 12 with the common 
address data produced at the rise time of the 75 
horizontal synchronization signal <£h being added to 
the front of the video signal. The switching circuit 
53 actuates the switch 55 in synchronism with the 
rise of the synchronization signal <f>M supplied by 
the CPU 20, and supplies the video data to the 20 
information electrode driver 13 and. the common 
address data to the scan electrode driver 12. In this 
manner, the synchronization of the video' data and 
the common address data is secured. The address 
data of the scan electrode whose data has been 25 
changed is supplied to the address data latch 7 
and decoded by the decoder 8 so that the scan 
electrode of the selected address is scanned by 
the scan electrode driver 9 and only the image of 
the common address data is changed. For exam- 30 
pie, if the video data of the previous frame and the 
video data of the next frame are different in the 
common address data n (0 ^ n ^ 400), the CPU 20 
outputs only the video data of the next frame 
corresponding to the common address data n to 35 
change the image of the n-th scan electrode of the 
ferroelectric liquid crystal display panel 1 1 . 

The ferroelectric liquid 'crystal panel 11 can 
maintain the video data by its memory property 
even after the signal line of the driver has been 40 
blocked, and can change only a portion of the 
image by applying the drive signals to portions of 
scan electrodes and signal electrodes. Accordingly, 
the above operation creates no problem in the 
display. 45 

In the present embodiment, the serial data SD 
is produced in order to synchronize the video data 
with the common address data. Alternatively, the 
video data and the common address data may be 
separately and directly applied to the signal elec- 50 
trode driver and the scan electrode driver, respec- 
tively, so long as they are synchronized. In the 
present embodiment, the ferroelectric liquid crystal 
panel is used although the present invention is 
applicable to other liquid crystal panel having the 55 
memory property. 

In accordance with the present embodiment, 
when only a portion of the screen of the liquid 



crystal display panel having the memory property 
is to be changed, it is changed by scanning only 
that portion of the screen and not scanning the 
entire screen. Accordingly, the apparent display 
response speed is increased and the power con- 
sumption is significantly reduced. 

[Fifth Embodiment] 

Fig. 14 shows a block diagram of a fifth em- 
bodiment of the display device of the present in- 
vention. 

Numeral 60 denotes a display and numeral 70 
denotes a transmitter which sends data to be dis- 
played to the display 60 and controls the display 
60. The display 60 includes a display panel 11 
which has scan electrodes SL and information elec- 
trodes DL, and also has an information electrode 
driver 13 including a video data shift register, a line 
memory and an information electrode driver for 
applying signals to the information electrodes DL, a 
scan electrode driver 12 including a shift register 
and a scan electrode driver for applying signals to 
the scan electrodes SL, and a control circuit 61 for 
producing a synchronization signal. 

Numeral 62 denotes a data line for supplying 
the video signal data to the video data shift register 
of the information electrode drive circuit 13 from 
the transmitter 70, numeral 63 denotes a synchro- 
nization signal line for supplying the synchroniza- 
tion signal from the control circuit 61 to the trans- 
mitter 70, numeral 64 denotes a vertical synchro- 
nization signal line for supplying the vertical syn- 
chronization signal VD to the shift register of the 
scan electrode driver 12, and numeral 65 denotes a 
horizontal synchronization signal line for supplying 
the horizontal synchronization signal HD to the shift 
register of the scan electrode driver 12. 

Numeral 66 denotes a video data register 
which stores data to be sent to the data line 62. 
Numeral 67 denotes a CPU which controls the 
video data register 66 and supplies the vertical 
synchronization signal VD and horizontal synchro- 
nization signal HD. 

Fig. 15 shows a timing chart for one frame 
period of the signal communication method when 
the display panel is sequentially scanned, and Fig. 
16 shows a timing chart for one horizontal scan 
period (1H) in Fig. 15. 

In Fig. 15 and 16, the transmitter 70 supplies 
VD, HD and DATA and controls the output timing 
thereof by the synchronization signal SYNC gen- 
erated by the controller 61 of the display 60. The 
period of SYNC is 250 usee, which is equal to a 
period to write one scan line of data. The video 
DATA is transferred over 50 u sec. and the remain- 
ing 200 u sec. period is a wait time to the end of 
writing. After the wait time, the SYNC pulse is 
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supplied from the controller 61 to the transmitter 
70, and the transmitter 70 produces the HD pulse 
at the fall of the SYNC pulse and selects the next 
scan electrode and starts the transfer of DATA. The 
above operation is repeated 400 times which is 
equal to the number of scan electrodes SL to form 
one screen (frame). 

In accordance with the present embodiment, 
when the write speed of the liquid crystal display 
device which uses the ferroelectric liquid crystal 
does not match to the transfer speed by the in- 
formation signal, particularly when the former is 
slower than the latter, the synchronization signal 
SYNC is sent from the liquid crystal display device 
which is the receiver to the information signal out- 
put circuit which is the transmitter so that the 
transmitter sends the information signal is accor- 
dance with the timing of the SYNC pulse and the 
display device and the information signal output 
circuit synchronize to each other to produce normal 
image. 

Thus, in accordance with one aspect of the 
invention there is provided a multi-pixel ferroelec- 
tric liquid crystal display writing scheme in a group 
of pixels to be written to are controlled by a means 
which supplies data indicative of the particular 
group of pixels and indicative of the desired dis- 
play states of the pixels in that group. 

In accordance with another aspect of the inven- 
tion there is provided a memory display and means 
to erase the displayed data automatically when the 
arrangement is turned on and/or off. 

In accordance with a further aspect of the 
invention there is provided a display system having 
a memory for receiving display data and a display 
for displaying the memorised display data, the dis- 
play being updated only when a change of data in 
the memory occurs. 

Claims 

1. A display device comprising: 

a display panel having a memory property; . 

control means for controlling the display of 
said display panel; 

a power supply for supplying a power to 
said control means; 

a switch for turning on and off the supply 
of power from said power supply; and 

display content erase means for erasing 
display data stored in said display panel by 
said control means in response to the ac- 
tuation of said switch. 

2. A display device according to claim 1 wherein 
said display content erase means is activated 
in response to the turn-on of said switch. 



3. A display device according to claim 1 wherein 
said display content erase means is activated 
in response to the turn-off of said switch. 

5 . 4. A display device comprising: * 

parallely arranged scan electrodes; 
parallely . arranged information electrodes 
arranged orthogonally to said scan electrodes; 
a plurality of scan electrode drive means 
io provided one for each of blocks each including 

a plurality of said scan electrodes; 

selection means for selecting one of said 
scan electrode drive means; 

memory means for storing data to be dis- 
75 played at the scan electrode corresponding to 

the scan electrode drive means selected by 
said selection means; and 

control means for supplying to said selec- 
tion means the data for designating the block 
20 corresponding to the position whose display 

. status is to be changed, and supplying to said 
memory means the data to be displayed at 
said position. 

25 5. A display device according to claim 4 further 
comprising ferroelectric liquid crystal provided 
between said scan electrodes and said infor- 
mation electrodes. 

30 6. A display device according to claim 4 wherein 
said scan electrode drive means selects the 
scan electrodes to be connected to said scan 
electrode drive means in a time-division fash- 
ion. 

35 

7. A display device comprising: 

a display panel having scan electrodes 
and information electrodes; 

an image memory for storing data to be 
40 displayed by said display panel; 

control means for changing the data in 
said image memory; 

check means for checking for each of data 
corresponding to the scan electrodes whether 
45 the data in said image memory has been 

changed by said control means; and 

display control means for selecting the 
scan electrode corresponding to the areas of 
said image memory in which the data has 
so . been changed, and supplying to said informa- 
tion electrodes the corresponding data in said 
image memory. 

8. A display device according to claim 7 wherein 
55 . said display panel includes a ferroelectric liq- 
uid crystal. 
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9. A display device according to claim 7 further 
comprising a back light for illuminating a dis- 
play screen of said display panel. 

10. A display device according to claim 7 further 
comprising scan electrode drive means for se- 
lecting one of said scan electrodes and apply- 
ing a signal thereto, and information electrode 
drive means for applying signals to said in- 
formation electrodes. 

11. A display device comprising: 

a display panel having scan electrodes 
and information electrodes; 

image data output means for supplying 
image data to be displayed on said display 
panel as data for selecting one of said scan 
electrodes and corresponding image data in a 
time-division fashion; 

display drive means for selecting one of 
said scan electrodes in accordance with the 
data supplied from said image data output 
means and supplying signals to said informa- 
tion electrodes; and 

synchronisation signal generation means 
for requesting to said image data output 
means to send the data after said display drive 
means has sent the data signal to said display 
panel in order to synchronise said display 
drive means with said image data output 
means. 

12. A display device according to claim 11 wherein 
said display panel has a ferroelectric liquid 
crystal. 

13. A display device according to claim 11 further 
comprising a back light for illuminating a dis- 
play screen of said display panel. 

14. A display device according to claim 11 further 
comprising image data memory means for 
storing image data to be sent from said image 
data output means. 

15. A display device comprising: 

a display panel including a ferroelectric 
liquid crystal; 

information electrodes and scan electrodes 
for changing orientations of the ferroelectric 
liquid crystal of said display panel; 

memory means for storing display data to 
correspond to each of said information elec- 
trodes; 

scan electrode drive means for applying a 
signal to a scan electrode whose ferroelectric 
liquid crystal is to be reoriented, in accordance 
with the data stored in said memory means; 
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and 

control means for supplying data for des- 
ignating the scan electrode whose ferroelectric 
liquid crystal is to be reoriented and data in- 
5 dicating an orientation state to said memory 

means and said scan electrode drive means. 

16. A display device according to claim 15 further 
comprising an image memory for storing one 

70 screen of image data to be displayed on said 

display panel. 

17. A display device according to claim 15 further 
comprising a back light for illuminating the 

is display screen of said display panel. 

18. A display device according to claim 16 wherein 
said control means includes detection means 
for detecting a data-modified area in said im- 

20 age memory. 
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